Challenges for D-brane large-field inflation with stabilizer fields by Landete, Aitor et al.
J
H
E
P
0
9
(
2
0
1
6
)
1
1
9
Published for SISSA by Springer
Received: July 29, 2016
Accepted: September 18, 2016
Published: September 19, 2016
Challenges for D-brane large-field inflation with
stabilizer fields
Aitor Landete,a Fernando Marchesanoa and Clemens Wiecka,b
aInstituto de F´ısica Teo´rica UAM-CSIC,
Cantoblanco, 28049 Madrid, Spain
bDepartamento de F´ısica Teo´rica, Universidad Auto´noma de Madrid,
28049 Madrid, Spain
E-mail: aitor.landete@csic.es, fernando.marchesano@csic.es,
clemens.wieck@uam.es
Abstract: We study possible string theory compactifications which, in the low-energy
limit, describe chaotic inflation with a stabilizer field. We first analyze type IIA setups
where the inflationary potential arises from a D6-brane wrapping an internal three-cycle,
and where the stabilizer field is either an open-string or bulk Ka¨hler modulus. We find
that after integrating out the relevant closed-string moduli consistently, tachyonic directions
arise during inflation which cannot be lifted. This is ultimately due to the shift symmetries
of the type IIA Ka¨hler potential at large compactification volume. This motivates us to
search for stabilizer candidates in the complex structure sector of type IIB orientifolds,
since these fields couple to D7-brane Wilson lines and their shift symmetries are generically
broken away from the large complex structure limit. However, we find that in these setups
the challenge is to obtain the necessary hierarchy between the inflationary and Kaluza-Klein
scales.
Keywords: Cosmology of Theories beyond the SM, D-branes, Supergravity Models
ArXiv ePrint: 1607.01680
Open Access, c© The Authors.
Article funded by SCOAP3.
doi:10.1007/JHEP09(2016)119
J
H
E
P
0
9
(
2
0
1
6
)
1
1
9
Contents
1 Introduction 1
2 Integrating out moduli supersymmetrically: a shortcut 3
2.1 A no-scale toy model 4
2.2 A no-scale toy model with stabilizer field 5
3 D6-brane inflation and backreaction of closed-string moduli 6
3.1 D6-brane inflation 6
3.2 Backreaction of closed-string moduli 9
4 Broken shift symmetries and mass hierarchies 12
4.1 Breaking the shift symmetry in type IIB 12
4.2 Mass hierarchies and challenges for large-field inflation 15
5 Summary and discussion 16
1 Introduction
One of the current pressing problems in string cosmology is how to build successful models
of large-field inflation [1–3]. A typical challenge is to decouple the inflaton sector from the
rest of the fields that obtain a mass below the string and Kaluza-Klein scales. On the one
hand, one needs an inflaton candidate which is several orders of magnitude lighter than
these massive fields. On the other hand, one needs to make sure that the interaction with
the heavier fields does not spoil the ability of the scalar potential to generate 50 or 60
e-folds of inflation.
Circumventing this challenge is arguably one of the main issues for those string models
that implement the idea of axion monodromy [4]. Early proposals addressed the problem
of creating a mass hierarchy by considering a source for the inflaton potential different from
other sources of moduli stabilization, namely a brane-anti-brane system, and then using
warping effects to lower the inflaton mass [5–8]. Recently it has been realized that a more
systematic treatment can be applied in the context of F-term axion monodromy [9–11]. In-
deed, in this framework both the inflaton and moduli stabilization potentials are described
by a single 4d F-term supergravity potential, at least for small values of the inflaton field.
Hence, one can apply the standard 4d supergravity techniques to describe the interplay
of the inflaton sector with the rest of the heavy fields of the compactification. Even if
this analysis is only valid at small inflaton values, it provides a first non-trivial test for the
viability of the different F-term axion monodromy models proposed in the literature [9–26].
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In cases where the inflaton candidate is a complex structure modulus in type IIB flux
compactifications, such techniques were applied in [17–19]. It was found that the required
mass hierarchy between the inflaton and heavier moduli is in general hard to obtain, and
that since the source of the inflaton potential and moduli stabilization is the same — that
is, background fluxes — both systems are hard to decouple. Based on this [23] proposed
to generate the F-term inflaton potential by a different source, namely the presence of a
D-brane. Similar to [5–8] this could allow to separate the inflaton mass scale from the
remaining moduli by means of warping effects, as discussed in [25] for the case of type
IIA flux compactifications with D6-branes. Moreover, the inflaton sector of this scenario
is very similar to the 4d supergravity model of chaotic inflation proposed in [27], featuring
a bilinear superpotential of the form
Winf = ΦS , (1.1)
where Φ contains the inflaton and S is the so-called stabilizer field, the expectation value
of the latter vanishing during the whole inflationary process.1 Microscopically, one of the
fields in this superpotential is a closed-string mode and the other one is an open-string
mode [28]. As a result, the mass hierarchy between the inflaton and the moduli sectors
is achieved by means of a hierarchy between closed- and open-string kinetic terms [25],
warping effects being particularly important for the latter.
In the present paper we elaborate on this scenario further by considering the backre-
action of heavy fields on the inflationary sector, following the prescription of [29]. We find
that the whole system is very sensitive to the presence of continuous shift symmetries in the
Ka¨hler potential. Indeed, on the one hand, the Ka¨hler potential must be shift-symmetric
in one of the components of Φ for this component to be a viable inflaton candidate. On the
other hand, no shift symmetry should be present for S or this field develops a tachyonic
direction when taking into account the backreaction of heavy moduli during inflation. Due
to this tachyonic direction S attains an expectation value and the system fails to produce
the desired period of slow-roll inflation.
While this simple observation is not very constraining from the perspective of 4d su-
pergravity model building [30], it turns out to have important consequences for embedding
the stabilizer scenario into string theory in the way described above. Indeed, in the case of
type IIA string models all moduli stabilization scenarios have been formulated in the regime
of large compactification volumes [31–33]. As recently discussed in [34] — see also [35, 36]
— in that regime the tree-level Ka¨hler potential exhibits shift symmetry in both closed-
and open-string modes. As a result, we find that in the D6-brane scenario of [25] none of
the chiral fields involved in (1.1) can play the role of a stabilizer field.
Of course, continuous shift symmetries are not ubiquitous in string theory and are in
fact broken by different effects. One may then consider a scenario where the superpoten-
tial (1.1) is still realized but no shift symmetries appear for one of the two fields. In the
context of moduli stabilization, the obvious choice would be to identify S with a complex
structure modulus away from the large complex structure limit, where shift symmetries
1See [16, 18] for previous attempts to realize such a superpotential in type II compactifications.
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are generically broken. However, following [28], we find that then Φ must be given by a
D7-brane Wilson line and, by the results of [37], that the kinetic terms of these modes are
unaffected by warping. Therefore, contrary to the previous type IIA scenario, here we find
no obvious obstruction to stabilizing the inflationary trajectory, but also no mechanism to
decouple the inflaton sector from the moduli and Kaluza-Klein scales.
The rest of this paper is organized as follows. In section 2 we discuss how super-
symmetrically integrating out heavy moduli is, to leading order, equivalent to replacing
them by their vacuum expectation values in the Ka¨hler and superpotential. In section 3
we apply this observation to type IIA D6-brane models of large-field inflation. We find
that the shift symmetries present in the tree-level Ka¨hler potential destabilize the infla-
tionary trajectory. In section 4 we turn to analyze a similar system in the context of type
IIB compactifications without shift symmetries in the complex structure sector. However,
here we find no obvious way to hierarchically lower the inflaton mass with respect to the
Kaluza-Klein scale. We summarize our results and draw our conclusions in section 5.
2 Integrating out moduli supersymmetrically: a shortcut
Describing inflation with low-energy effective string actions can often be split into two prob-
lems. On the one hand, obtaining a comparably light scalar field with a suitable scalar
potential. The latter must be able to generate at least 50 to 60 e-folds of inflation at a
characteristic scale H in accordance with CMB measurements. On the other hand, stabi-
lizing all remaining moduli in a Minkowski or de Sitter vacuum at a mass scale greater than
H. Here we focus on the latter problem and its implications for the former. Moreover, we
consider setups in which all moduli are stabilized in a supersymmetric Minkowski vacuum
because large-field inflation with a stabilizer field actually forces us to do so, as discussed
in [38]. For our purposes it suffices to leave the precise mechanism of moduli stabilization
unspecified, and instead assume the existence of a superpotential piece Wmod(ρi) ⊂ W
which satisfies 〈DρiWmod〉 = 0 for all relevant moduli fields ρi. Examples are known in the
literature, they include the racetrack setup of [39] and a less fine-tuned mechanism using
an additional stabilizer field [40].2
In many string-effective inflation models the inflaton and the moduli interact even if
the moduli are much heavier than the dynamical scale of inflation. Through supergravity
couplings this even happens in models where the superpotential separates,
W =Winf(φi) +Wmod(ρi) , (2.1)
where φi collectively denotes the superfields involved in the inflationary part of the theory.
This interaction in the Lagrangian introduces what we call a “backreaction” of the heavy
fields on the inflationary potentials. Many models of this type have been constructed in the
recent literature, from various different corners of string theory. The effect of stabilizing and
integrating out the fields ρi, i.e., the backreaction, has been systematically studied in [29].
2Note that supersymmetry is necessarily broken in the original setup of [41] once the vacuum is uplifted
to a Minkowski or de Sitter background. The same applies to the extensions of [42] and [43, 44], in which
the breaking scale is typically very high.
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In cases where all ρi appear logarithmically in the Ka¨hler potential, the effective potential
for the fields φi at leading order reduces to the scalar potential of the inflationary sector
alone, as if the moduli had not been present as dynamical degrees of freedom. This is true
as long as all moduli masses, determined by the second derivatives of Wmod(ρi), lie above
the Hubble scale H, determined by Winf and its first derivatives. Since 〈DρiWmod〉 = 0
this confirms a naive expectation fuelled by old QFT arguments: if they are heavy enough
and do not break supersymmetry, the moduli completely decouple. This statement is true
up to sub-leading corrections which arise in powers of H/mρi , cf. [29] for details. These
corrections are under control whenever the moduli can be safely integrated out. Still they
may be sizeable and lead to slightly changed predictions of a given model, such as the
CMB observables. In particular, the higher-order terms arising in powers of H/mρi lead
to a flattening of the potential [29, 45, 46].
Despite the interesting effects that these corrections may have, in this paper we aim to
analyze the stability of the inflationary trajectories after moduli backreaction, for which it
suffices to focus on the leading-order result for the effective action. In [29] and subsequent
publications this has been obtained by computing the supergravity potential and solving
the inflaton-dependent equations of motion for the moduli fields. Depending on the details
of the setup, this can be a tedious exercise. Therefore we wish to point out here that the
leading-order effective potential, taking moduli backreaction into account, can be obtained
via a simple shortcut. The key observation is that integrating out the heavy ρi is equivalent
to fixing all ρi in W and K at their expectation values in the vacuum, and subsequently
computing the scalar potential for the remaining fields φi. The result corresponds to
the full effective potential in the limit mρi → ∞. Clearly, however, corrections due to
the finiteness of mρi — such as the flattening corrections mentioned above — cannot be
obtained in this way.
2.1 A no-scale toy model
Let us demonstrate this claim in a few simple examples. Consider a simple no-scale model
with a single Ka¨hler modulus T and an inflaton multiplet Φ,
K = −3 log
[
T + T¯ − 1
2
(Φ + Φ¯)2
]
, W =
1
2
mΦ2 +Wmod(T ) . (2.2)
For a similar illustration this toy model has already been considered in [38]. It corresponds
to a boiled-down variant of some of the F-term axion monodromy models in the recent
literature.3 The corresponding scalar potential reads
V (ϕ, t) =
1
6t
[(
1
6
m2 +
1
2
mW ′mod(t)
)
ϕ2 − 3Wmod(t)W
′
mod(t)
t
+W ′mod(t)
2
]
, (2.3)
where ϕ is the canonically normalized inflaton field and t = ReT . The other two real
scalars do not play a role in this case and have been set to zero. They do not have linear
3For the purposes of this discussion the precise form of K does not matter. In particular, our results
remain unchanged whether or not there is kinetic mixing between Φ and T . Moreover, for simplicity we
assume all constant parameters in the superpotential to be real in this example.
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terms in V and do not displace the inflaton. Moreover, their masses are positive and large
compared to H.
At first sight, this theory has a supersymmetric Minkowski vacuum at t = t0 with
W ′mod(t0) = 0 and Wmod(t0) = 0. On the inflationary trajectory, then, (2.3) reduces to a
simple quadratic potential for ϕ. However, this is not really true because (2.3) contains
non-trivial interaction terms between t and ϕ. In particular, minimizing the full potential
with respect to t leads to
tmin ≃ t0 − mϕ
2
4W ′′mod(t0)
+O
(
m2ϕ2
W ′′mod(t0)
2
)
, (2.4)
at leading order in powers of H/mt, where mt ∼ W ′′mod(t0). Plugging this back into (2.3)
leads to the proper effective potential for the inflaton,
V (ϕ) =
1
18t0
(
1
2
m2ϕ2 − 3
16
m2ϕ4
)
+O
(
mϕ
W ′′mod(t0)
)
. (2.5)
Evidently, the interaction during inflation interferes with the cancellation of the negative
definite term in the supergravity potential. Taking the backreaction of t into account
reintroduces the term proportional to −3|W |2, which makes the model fail.
Most importantly, we could have seen this much faster. Instead of setting t = t0 in
the scalar potential, which leads to the wrong result, we must replace T = t0 in K and W
defined in (2.2). Treating only Φ as dynamical, we observe that
K = −3 log
[
2t0 − 1
2
(Φ + Φ¯)2
]
, W =
1
2
mΦ2 +Wmod(t0) , (2.6)
leads to the correct leading-order potential
V (ϕ) =
1
18t0
(
1
2
m2ϕ2 − 3
16
m2ϕ4
)
. (2.7)
As stressed before, this simplified treatment corresponds to taking mt ∼ W ′′mod(t0) → ∞,
and thus it is insufficient for computing corrections.
2.2 A no-scale toy model with stabilizer field
Let us even spend time on a second example which contains a stabilizer field S. While the
latter is supposed to eliminate the dangerous term proportional to −3|W |2, effects of the
moduli backreaction are important and can be observed using our shortcut. Consider
K = −3 log
[
T + T¯ − 1
2
(Φ + Φ¯)2
]
+
1
2
(S + S¯)2 , W = mSΦ+Wmod(T ) , (2.8)
which is a simplified version of some of the effective theories that arise in D-brane inflation,
as explained in section 3. Neglecting the explicitly modulus-dependent terms proportional
to Wmod and its first derivative for now, we find the following scalar potential.
V (S, ϕ, t) =
1
12t2
[
1
2
m2ϕ2 +
1
2
(m2 + 3m2ϕ2)s21 +
1
2
m2s22 +O(Wmod(t),W ′mod(t))
]
, (2.9)
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where we have expanded in the relevant fields up to quadratic order. Notice that we have
written S = (s1 + is2)/
√
2. At this level the picture seems to be the following: ϕ, s1,
s2 have equal supersymmetric masses. In addition, s1 receives a supersymmetry-breaking
mass term through its Ka¨hler potential coupling to the inflationary vacuum energy. While
s2 is not heavy enough to satisfy a single-field treatment of inflation for arbitrary initial
conditions, the model appears consistent. This would remain true if we naively set t = t0,
which entails Wmod(t0) =W
′
mod(t0) = 0.
The consistency no longer holds when we take the backreaction of t into account by
setting T = t0 in eqs. (2.8). What we find for the leading-order effective potential of the
S–Φ system, using
K = −3 log
[
2t0 − 1
2
(Φ + Φ¯)2
]
+
1
2
(S + S¯)2 , W = mSΦ+Wmod(t0) , (2.10)
is instead
V (S, ϕ) =
1
12t20
[
1
2
m2ϕ2 +
1
2
(
m2 +
3
4
m2ϕ2
)
s21 +
1
2
(
m2 − 3
4
m2ϕ2
)
s22
]
. (2.11)
One can check that the same result is found after consistently minimizing T = Tmin(S, ϕ)
during inflation. Notice that s2 is actually a tachyonic direction during inflation. While s1
is saved from the same fate by its soft mass term proportional to H2, the model never yields
successful slow-roll inflation due to the tachyonic direction along s2. This is ultimately due
to the shift symmetry of the stabilizer field, and was only concealed by a would-be no-scale
cancellation in the modulus sector. As we explore in the next section, this is exactly what
causes the D6-brane inflation model of [23, 25] to fail.4
3 D6-brane inflation and backreaction of closed-string moduli
In the following we would like to apply the general remarks of section 2 to examine string
theory models of large-field inflation. In particular, in this section we focus on the proposal
made in [23, 25] to embed models with stabilizer fields in type IIA compactifications with
D6-branes. As we will see, taking into account the shift symmetries of the model and
applying the above shortcut to integrate out heavy fields leads to tachyonic directions
within the inflationary system which, as in the toy model above, spoil slow-roll inflation.
3.1 D6-brane inflation
In [23] a new proposal to embed models of large-field inflation in string theory was made,
based on the property of certain D-branes to generate bilinear superpotentials for open-
and closed-string axions [28]. This was then developed in the context of type IIA string
compactifications with D6-branes, as recently discussed in further detail in [25]. In essence
the setup features a D6-brane that creates an inflationary potential for a B-field axion and
4In [47] this phenomenon of a destructive backreaction was shown to arise in many other inflation models,
involving stabilizer fields or not.
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the Wilson line of the brane. Near the supersymmetric vacuum the low-energy supergravity
is that of chaotic inflation with a stabilizer field, as first proposed in [27] and generalized
in [30]. As discussed in [28] the D6-brane couples to the background in such a way that
the following superpotential is developed
Winf = naT
aΦ = TΦ , (3.1)
where na ∈ Z, Φ is the superfield containing the D6-brane Wilson line, and T = naT a is a
linear combination of Ka¨hler moduli such that b = ImT is the B-field axion that couples
to the D6-brane. Following [27] it is clear that such a superpotential can yield an effective
description of chaotic inflation if at least one of the two chiral fields is light enough (usually
through the appearance of a shift symmetry) and the other one is significantly heavier.
The shift symmetries of this system can be analyzed through the effective Ka¨hler
potential for the closed- and open-string moduli in type IIA orientifold compactifications,
first discussed in [35, 36] and more recently in [34]. There it was argued thatK = KK+KQ,
where on the one hand
KK = − log
[
1
6
κabc(T
a + T¯ a)(T b + T¯ b)(T c + T¯ c)
]
, (3.2)
with T a the Ka¨hler moduli of the compactification and κabc the corresponding triple in-
tersection numbers.5 On the other hand, for a choice of Calabi-Yau three-form symplectic
basis we can write KQ as [36]
KQ = −2 log
(
1
16
FKL
(
U ′K + U¯ ′K
) (
U ′L + U¯ ′L
))
, (3.3)
where ReU ′K are defined in terms of the periods of the three-form ReΩ, and FKL are
real functions that only depend on their quotients, such that they are invariant under the
overall rescaling U ′K → λU ′K . The most involved part in describingKQ is determining how
the geometric quantities U ′K depend on the holomorphic variables of the four-dimensional
effective theory. By the analysis of [34] one obtains that
U ′K = UK +
1
2
T aHKa , (3.4)
where UK is the new holomorphic variable and HKa a homogeneous function of degree zero
in ReT a, ReΦ, and ReUK . The leading-order term is of the form
HKa = −
1
2
QKηa
(Φ + Φ¯)2
[ηa(T a + T¯ a)]2
+ . . . , (3.5)
where QK and ηa can be taken to be constants that depend on the D6-brane embedding.
5In order to connect with the standard notation in the 4d supergravity literature used in section 2, our
conventions differ from those in [34–36] and are such that T a = ta + iba, with ba the B-field axions of the
compactification. The same applies to the complex structure moduli, with ImU ′K containing the axionic
piece of the field.
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Putting all this together we obtain the following approximate expression,
KQ = −2 log
{
1
16
FKL
[
UK + U¯K − 1
8
Q˜K(Φ + Φ¯)2
] [
UL + U¯L − 1
8
Q˜L(Φ + Φ¯)2
]
+ . . .
}
(3.6)
where we have defined Q˜K = QK/(ηaReT
a). This expression forKQ resembles the one used
in [23, 25] except for the fact that here Q˜K is moduli-dependent. This is not important
when applying the philosophy of section 2, since upon integrating out all closed-string
moduli except T we obtain an effective Ka¨hler potential where the Q˜K become constants.6
Notice that the Ka¨hler potential only depends on ReT a, ReUK , and ReΦ and therefore
it displays several shift symmetries. This is true in general, even without the simplifying
assumptions that took us to the expression (3.6), and it only relies on considering type IIA
at large compactification volumes compared to the string scale [34]. These shift symmetries
imply that, in principle, either ImT or ImΦ could play the role of the inflaton field; both
scenarios have been considered in [25]. Unfortunately this also means that the other field
cannot play the role of the stabilizer field, a fact missed in the analysis of [25] where the
backreaction of the heavy closed-string moduli was not taken into account. To see this point
in detail we analyze the scalar potential for the inflaton system first from the viewpoint
of [25]. Then, in section 3.2, we revisit the scalar potential by applying the philosophy of
section 2 to see how backreaction destabilizes the inflationary trajectory.
The scalar potential without backreaction. Let us consider the scenario in which
the D6-brane Wilson line φ = ImΦ is the inflaton candidate, and so ReΦ = T = 0 defines
the would-be inflationary trajectory. On this trajectory the superpotential (3.1) generates
a quadratic potential for φ. The pressing issue at hand, however, is the stabilization of
the closed-string moduli UK and Tα, where the index α runs over all the Ka¨hler moduli
except T . In order to implement such a stabilization, Winf must be accompanied by an
additional pieceWmod(U
K , Tα) which lifts the corresponding flat and run-away directions.7
As in [23, 25] we consider the case where none of these moduli break supersymmetry in
the vacuum, that is when
DUKWmod
∣∣
Φ=0
= DTαWmod
∣∣
Φ=0
= 0 , (3.7)
and then expand the full F-term scalar potential around the inflationary trajectory to
find an effective potential for T and Φ. In [38] it was shown that (3.7) is actually a
necessary assumption in these kinds of setups: allowing the moduli to break supersymmetry
in the vacuum leads to additional terms, essentially soft terms, proportional to 〈Wmod〉 and
〈W ′mod〉. If one of them, or equivalently the scale of supersymmetry breaking, becomes too
large the model fails due to a backreaction of the stabilizer field T .
6When Q˜K also depends on the stabilizer field T the discussion is a bit more involved. The coupling of
Φ and T in K introduces additional interactions in the scalar potential. However, one can check that these
interaction terms arise first at O(T 3) in the action, which makes them irrelevant to the following discussion.
We can thus safely treat Q˜K as constants in this case as well.
7In general, Wmod may also depend on Φ through the contribution of world-sheet and D2-brane instan-
tons to the superpotential [25]. For our stability analysis we assume that such terms are negligible compared
to the perturbative piece of W .
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At quadratic order in the fields the resulting scalar potential of [25] reads8
V = eK
[
KΦΦ¯|∂ΦWinf|2 +KT T¯ |∂TWinf + T∂2TWmod|+ 4(ImT )2(ImΦ)2
]
, (3.8)
where we have assumed that Wmod is very small or vanishing at the vacuum. Taking the
potential (3.8) at face value one can show that ReΦ and both components of T have masses
parametrically larger than the Hubble scale H, which means they can be safely integrated
out during inflation, leading to the desired quadratic potential for φ. Note that for b = ImT
this is due to the last piece in (3.8), which appears as a remnant of the no-scale symmetry
in the closed-string sector. In terms of canonically normalized fields (3.8) reads
V =
1
2
m2ϕ2 +
(
1
2
m2 +m2ϕ2
)
σ2 +
(
1
2
m2 + 2m2ϕ2
)
t21 +
(
1
2
m2 +
8
3
m2ϕ2
)
t22 , (3.9)
where t1 and t2 are the components of the stabilizer field, ϕ denotes the canonically nor-
malized inflaton field, and σ its saxionic partner. In this form the scalar potential mostly
depends on the mass parameter m, which in turn depends on the constants in K, the
volume, and the warping of the compact manifold. In this form the desired mass hierarchy
mϕ ≪ mσ,mt1 ,mt2 during inflation is evident.
Finally, we may also consider the scenario where we take b = ImT to be the inflaton
candidate. Applying the approach of [25] and expanding the F-term potential along the
new inflationary trajectory ReT = Φ = 0, we obtain a similar scalar potential but with
the roles of Φ and T exchanged. More precisely, we obtain (3.8) but with the interchange
Φ ↔ T . Needless to say, this leads to the same potential (3.9) for canonically normalized
fields and therefore to the same naive mass hierarchies as in the previous scenario.
3.2 Backreaction of closed-string moduli
As explained above, the scalar potential (3.8) is obtained via a two-step approach [25].
First one assumes that all closed-string moduli except T are stabilized to a certain value
by a suitable superpotential Wmod via the condition (3.7). Second, the full F-term scalar
potential is expanded around the inflationary trajectory to derive the leading-order poten-
tial in Φ and T . While this procedure gives the correct result for the potential along the
inflationary trajectory where the stabilizer is fixed at the origin, it misses important mass
terms for the stabilizer field which arise during inflation. In the following we implement the
approach of section 2 to integrate out the closed-string moduli at tree level to obtain the
correct effective potential. As in the toy examples studied earlier, the interaction between
moduli and inflaton during inflation leads to tachyonic modes for the stabilizer field which
eventually cause the model to fail. This unpleasant effect is ultimately due to the shift
symmetries present in the Ka¨hler potentials (3.2) and (3.6), as already suggested by the
toy models of section 2.
8Here we exhibit the result obtained in [25], which assumed a Ka¨hler potential of the form (3.6) and,
following [36], that Q˜K are moduli-independent. Had we taken into account the correct moduli dependence
of these quantities and applied the same procedure a scalar potential different from (3.8) would have been
obtained, although the subsequent discussion based on it would have been similar. The fact that the
calculation of [25] yields different effective scalar potentials after changing the dependence of heavy fields
in the initial Ka¨hler potential indicates that the backreaction of the heavy fields cannot be neglected.
– 9 –
J
H
E
P
0
9
(
2
0
1
6
)
1
1
9
Backreaction in the Wilson line scenario. In order to show the importance of the
moduli backreaction in the above models of D6-brane inflation let us focus on the scenario in
which the Wilson line φ = ImΦ is the inflaton candidate. To illustrate the computation of
the effective potential it suffices to consider the case of a single complex structure/dilaton
modulus U and two Ka¨hler moduli Tv and T , where Tv parameterizes the complexified
overall volume and T is defined by (3.1). Taking into account the general expressions (3.2)
and (3.6) we are lead to the following toy model
KK = − log
[
1
6
(Tv + T¯v)
3 − 1
2
(Tv + T¯v)(T + T¯ )
2
]
, (3.10a)
KQ = −4 log
{
1
4
[
U + U¯ − Q˜
8
(Φ + Φ¯)2
]}
, (3.10b)
W = TΦ+Wmod(U, Tv) , (3.10c)
in which we have taken simple choices for the triple intersection numbers and defined
Q˜ = 2Q/(Tv + T¯v). In this parameterization the vacuum of the theory is
〈Φ〉 = 〈T 〉 = 0 , 〈Tv〉 = V1/3 , 〈U〉 = V1/2 , (3.11)
where V denotes the volume of the compact manifold. The full scalar potential defined
by (3.10) is a complicated expression which is not particularly illuminating. The important
parts are however the inflaton couplings at linear and higher order in U and Tv, respectively.
Such couplings displace the fields U and Tv from the vacuum (3.11) and cause a backreaction
into the inflationary system. To see its effect we can expand the scalar potential in terms of
this displacement by writing U = V1/2 + δU(Φ, T ) and Tv = V1/3 + δTv(Φ, T ), where V is
treated as a constant fixed by the details of Wmod. Expanding the action and minimizing
the result with respect to the fluctuations δU and δTv leads to the following effective
potential
V =
1
2
m2ϕ2 +
(
1
2
m2 +m2ϕ2
)
σ2 +
(
1
2
m2 − 3
4
m2ϕ2
)
t21 +
(
1
2
m2 − 3
4
m2ϕ2
)
t22
+O
(
mϕ
∂2UWmod
,
mϕ
∂U∂TvWmod
,
mϕ
∂2TvWmod
)
, (3.12)
at quadratic order in the canonically normalized variables. In this derivation we have again
used that Wmod and its first derivatives are small or vanishing in the vacuum, so that the
second derivatives define the mass matrix of the closed-string sector. In this case the mass
parameter is m ∼ Q−1/2V−3/4. As explained in more detail in [25], Q scales with the warp
factor. Therefore, the mass of the inflaton field can be strongly suppressed compared to
all other relevant scales in the theory. Cf. the more detailed discussion of mass hierarchies
in section 4.2.
Notice the important difference with respect to the naive result (3.9): here both com-
ponents of the stabilizer field are tachyonic during inflation, destabilizing the would-be
inflationary trajectory.9 This is because the “remnant” mass terms for the stabilizer found
9More generally, the axion component of T is always a tachyonic direction during inflation, whereas the
saxionic component may or may not be — depending on the specific form of K.
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in the two-step procedure of [25], are actually not present. In particular we find that the
last term on the right-hand side of (3.8) is absent, something which is only visible after
considering the backreaction of U and Tv as discussed above.
This back-reacted effective potential can be directly obtained by applying the shortcut
discussed in section 2. In particular, the leading-order potential (3.12), after treating U
and Tv as constants from the beginning,
K = − log
[
4
3
V − V1/3(T + T¯ )2
]
− 4 log
{
1
2
[
V1/2 − Q
16V1/3 (Φ + Φ¯)
2
]}
, (3.13)
W = TΦ . (3.14)
is identical to the first line of (3.12). This way, if one is not interested in the corrections
suppressed by powers of mU and mTv one can save a lot of effort in computing the back-
reacted effective potential. Notice that, from this viewpoint, it is obvious that the moduli
dependence of Q˜ does not play an important role in computing the effective potential. Fi-
nally, in this form it is obvious that the cancellation which removes the dangerous negative
terms does not take place as expected. What we are left with after backreaction is a varia-
tion of the original inflationary theory of [27], but with a shift-symmetric Ka¨hler potential
for the stabilizer field. Actually one can show that in all theories with K = K(Φ+Φ¯, T+T¯ )
and the given superpotential the desired mass hierarchy between the inflaton and the sta-
bilizer field cannot be obtained. This applies, in particular, also to the D6-brane inflation
scenario in which the inflaton candidate is the B-field, and which fails for the same reason
as the case studied above.
A few comments are in order with respect to these findings. First, via a standard
supergravity calculation one can easily verify that including different powers of (T + T¯ )
in (3.10a) does not solve the problem of the tachyonic directions. Second, the corrections
to the leading-order potential in the second line of (3.12) can never lift the problematic
directions. For the theory to be consistent it must be that mU ,mTv ≫ H ∼ mϕ, so that
these corrections are always sub-leading. Third, the previous statement is true even in the
case when the conditions (3.7) are violated, i.e., if the closed-string moduli are permitted
to break supersymmetry. This is more tedious to prove because, in this case, there is no
complete decoupling of the heavy fields and the computation of the back-reacted potential
is more involved. This analysis has been done in [46] for a variation of the model at hand,
and in [47] more generally. There are indeed “remnant” terms after integrating out U and
Tv in this case, which are proportional to Wmod and its first derivatives. However, none of
them break the shift symmetry of T , so the tachyonic directions cannot be lifted.
We conclude that both Wilson line and Ka¨hler moduli are unsuitable candidates for
stabilizer fields in large field inflationary models, due to the shift symmetry that they
display in the Ka¨hler potential. Note, however, that such shift symmetries are not fun-
damental, but an artefact of considering type IIA compactifications with large volumes
compared to the string scale. Had we considered compactifications of stringy size, the shift
symmetries for the Ka¨hler moduli would be generically broken by world-sheet instanton
effects and they could in principle serve as stabilizer fields. Nevertheless, the difficulty
in that scheme would be to formulate a mechanism that stabilizes the remaining moduli.
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Indeed, in the large volume limit the source lifting closed-string moduli is a combination
of NS and RR fluxes, and implementing the presence of the latter at small volumes re-
mains a challenge. These difficulties are, however, absent if we consider the mirror setup
of type IIB compactifications at large volume and small complex structure, as we do in the
next section.
4 Broken shift symmetries and mass hierarchies
In the previous two sections we have learned that a shift symmetry of the stabilizer field
is detrimental to realizing inflation. Whenever the stabilizer field is a Ka¨hler modulus in
type IIA theories this shift symmetry is inherent to the large volume regime — the desired
regime to use ten-dimensional supergravity to treat compactifications with RR fluxes. The
mirror dual statement holds for complex structure moduli in type IIB compactifications
with O3/O7-planes: shift symmetries are present whenever we consider the large complex
structure limit. However, in such a theory one can explore arbitrary regions of the complex
structure moduli space — where the shift symmetries are absent — without sacrificing
the ten-dimensional supergravity picture. One may then conceive a model of large-field
inflation in which the role of the stabilizer field is played by a complex structure modulus
with no shift symmetries, such that the stability problems discussed in the previous section
no longer arise. As we discuss below, these fields can have superpotential bilinear couplings
to D7-brane Wilson lines, which would then contain the inflaton candidate.
However, even when this obstacle can be overcome in type IIB setups, a bigger one
remains: since the warping close to the locus of the brane does not enter the kinetic term
of the D7-brane Wilson line in the way that it does for the D6-brane, the necessary mass
hierarchies to justify a four-dimensional effective description of single-field inflation cannot
be obtained. As explained in more detail below, the mass of the Wilson line axion is
generically close to the Kaluza-Klein scale. This seems to render any attempt of realizing
chaotic inflation with stabilizer fields in this way futile.
In section 4.1 we discuss which effects contribute to the breaking of the shift symmetry
in the complex structure sector, at the level of the four-dimensional effective theory. In
section 4.2 we describe how naive attempts to realize inflation in such type IIB setups
ultimately fail due to a lack of relative suppression of the inflationary energy scale.
4.1 Breaking the shift symmetry in type IIB
When departing from the large complex structure limit, the mirror of the Ka¨hler poten-
tial (3.2) picks up additional terms which break its shift symmetries. These additional
terms can then lift the tachyonic directions encountered in the large volume and large
complex structure limits. There are two important sources for this breaking.
Closed-string Ka¨hler potential. Consider the closed-string Ka¨hler potential for the
complex structure moduli,
K ′cs = − log
(
iΠTΣΠ
)
= − log
[
i
(
XbG¯b(X)− X¯bGb(X)
)]
, (4.1)
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where Xb and Gb, b = 0, . . . , h2,1, are the entries of the period vector Π associated with
the holomorphic three-form of the compact manifold. One may then define the four-
dimensional fields corresponding to the complex structure deformations by za = Xa/X0,
a = 1, . . . , h2,1, and perform the Ka¨hler transformation K ′cs → Kcs = K ′cs + log|X0|2 to
obtain the expression
Kcs = − log
[
i
[
(za − z¯a) (Ga + G¯a)− 2(G − G¯)]] , (4.2)
where G(z) is understood as a prepotential of a related N = 2 theory and
Ga(z) = ∂G(z)/∂za. Expanded around the large complex structure point za ≫ 1 this
prepotential can be written as
G(z) = 1
3!
κabcz
azbzc +
1
2
Sabz
azb + Paz
a +Q+ Gexp . (4.3)
Here κabc, Sab, Pa and Q are constants and Gexp contains exponentially suppressed con-
tributions which, in the mirror manifold, are identified with world-sheet instantons in the
large volume limit. This leads to the well-known expression for the Ka¨hler potential for
the complex structure moduli,
Kcs = − log
[
1
6
κabc
(
Ua + U¯a
) (
U b + U¯ b
) (
U c + U¯ c
)
+ fexp
]
. (4.4)
where we have defined Ua = iza in order to connect with the conventions of section 2. In
this form the shift symmetry of the imaginary part of the Ua is obvious, broken only by
exponentially suppressed contributions.
However, in a regime where za ≪ 1 the exponential corrections in G become large
and (4.4) is no longer a valid expression. Instead, for generic points away from the large
complex structure limit, G(za) is a complicated function which is generally unknown.10
Expanding G around a point at small complex structure for one modulus S ∈ Ua then
yields a more complicated Ka¨hler potential. Schematically, one has
Kcs(S) =− log
[
α0 + α1(S + S¯) + α2|S|2 + α3(S2 + S¯2)
+ α4(SS¯
2 + S2S¯) + α5(S
3 + S¯3) + . . .
]
, (4.5)
where the coefficients αi depend on the precise form of the prepotential and its derivatives,
as well as the values of the other complex structure moduli. In an effective theory where all
Ua except S are stabilized by fluxes, one may treat these as constant parameters. Clearly,
some of the terms in (4.5) break the shift symmetry of S. Others, like the ones proportional
to α1 and α4 can be shown to act destabilizing on the scalar potential for S. Therefore,
this effect alone may not be sufficient to lift the tachyonic directions associated with the
stabilizer field.
10On certain types of manifolds one can expand G around other special points in moduli space, like the
Landau-Ginzburg point as discussed in [48–50] or the conifold point as, for example, discussed in [21, 51–53].
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Open-string Ka¨hler potential and superpotential. One may analogously describe
the Ka¨hler potential for the Ka¨hler deformations of the compactification as follows [54].
One first expands the fundamental two-form J and the RR four-form potential C4 as
J = vα ωα , ωα ∈ H2+(M6,Z) ,
C4 = Cα ω˜
α , ω˜α ∈ H4+(M6,Z) , (4.6)
and then describes the four-dimensional chiral coordinates as
T ′α =
1
2
Kαβγvβvγ − iCα , (4.7)
at least in the absence of D3-branes and D7-brane Wilson lines. Here
Kαβγ = 1
l6s
∫
M6
ωα ∧ ωβ ∧ ωγ (4.8)
are the triple intersection numbers of M6 and ls = 2pi
√
α′ is the string length. The Ka¨hler
potential for these moduli is an implicit function of the chiral multiplets,
KK = −2 log
[
1
3!
Kαβγvαvβvγ
]
= − log(ν(t′α)) , (4.9)
where ν(t′α) = V2 is a homogeneous function of degree three in t′α = ReT ′α.
In the presence of open strings the definition of these chiral coordinates is modified [55].
In particular, following [34], one can show that after including D7-brane complex Wilson
lines iΦA = θAβ + if
A(Ua)θ
A
α the new chiral variables read
Tα = T
′
α +
1
4
∑
A
CAα
Re fA(Ua)
ΦAReΦA , (4.10)
where A runs over the different four-cycles SA wrapped by the D7-branes with Wilson
lines, and CAα is a moduli-independent coupling. More precisely CAα = l−4s
∫
SA
ωα ∧ α˜ ∧ β˜
is an integer defined in terms of the harmonic one-forms α˜, β˜ of SA, see [34] for further
details. The Wilson lines enter the Ka¨hler potential by performing the replacement (4.10)
in (4.9). One obtains
KK = − log
[
ν(tα)− ∂tαν
16
∑
A
CAα
Re fA(Ua)
(
ΦA +Φ
A
)2
+ . . .
]
≃ − log
[
ν(tα)− V
16
∑
A
CA
Re fA(Ua)
(
ΦA +Φ
A
)2
+ . . .
]
, (4.11)
where CA = vαCAα = l−4s
∫
SA
J ∧ α˜ ∧ β˜ ∝ Vol1/2
SA
. Most important for our discussion of the
shift symmetries is the appearance of complex structure dependent functions fA(Ua). We
can determine these functions whenever Wilson lines appear in the open-string superpo-
tential [28, 34],
lsWD7 = −
∑
a
1
pil2s
∫
SA
Ω ∧A = −i
∑
a
θAβ [cAaU
a − haAGa] + θAα [daA Ga − pAa Ua] , (4.12)
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where (cAa, h
b
A, d
a
A, paA) are moduli-independent integers defined in [34]. By imposing that
W is holomorphic in the ΦA and linear in the Ua we obtain that
ifA(Ua) =
dbAGb − pAaUa
cAaUa
. (4.13)
In the limit of large complex structure fA is approximately a linear function of the Ua so
thatKK respects the shift symmetry of the complex structure sector. Away from that limit,
however, higher powers of Ua appear in f . In particular, again expanding the prepotential
in terms of a single modulus S ∈ Ua leads to the schematic form
f(S) = a0 + a1S + a2S
2 + . . . , (4.14)
where the ai may once again be regarded as constants once the remaining moduli are
stabilized. The appearance of quadratic and higher-order terms in S breaks the shift
symmetry. One can check that the resulting mass terms for both components of the
stabilizer field can be large enough to lift the tachyonic directions.
4.2 Mass hierarchies and challenges for large-field inflation
While the problems involving tachyonic directions in the type IIA scenario seem to be
avoidable in the type IIB picture, a new problem arises in this setup. Whenever one
describes models of single-field inflation as effective theories of string compactifications,
there should be a mass hierarchy of the form
Mstring > MKK > Mcs, MKahler > H
⋆
inf , (4.15)
to guarantee control of the various effective field theories. H⋆inf denotes the value of the
inflationary Hubble parameter at the point of horizon crossing, i.e., evaluated at the field
value ϕ⋆ at which the CMB observables are generated. In the large volume regime of a
compact manifold with volume V it is, therefore, instructive to consider the volume scaling
of the different mass scales. For sufficiently isotropic internal manifolds with appropriate
fluxes one has, in natural units,Mstring ∝ V−1/2,MKK ∝ V−2/3, andMcs ∝ NV−1, whereN
is an O(1) coefficient related to the relevant flux quanta [56]. Moreover, in Ka¨hler moduli
stabilization schemes where the Tα break supersymmetry, like KKLT [41] or the Large
Volume scenario [42], one typically has a mass scale ∝ W0V−1 for many moduli, while the
mass scale of others may be suppressed compared to that, meaning MKahler ∝ W0V−3/2.
HereW0 is usually the vacuum expectation value of the Gukov-Vafa-Witten superpotential.
By a tuning of fluxes one can achieveW0 ≪ 1, so that a hierarchyMcs > MKahler is possible
as well. In the schemes that we consider, i.e., the ones where the Ka¨hler moduli do not
break supersymmetry, MKahler is typically unrelated to W0, but related to other quantities
in Wmod which may be of O(1) or smaller, so that the same structure is preserved [39, 40].
This very successful scheme ensures the first two inequality signs in (4.15). So how
does the inflationary Hubble parameter scale in the discussed models of D6- or D7-brane
inflation? In large-field inflation with a quadratic potential one has, up to O(1) factors,
H⋆inf = mϕ⋆. Here m is the mass of the canonically normalized inflaton field ϕ, and it is
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this parameter that must be suppressed compared to the remainingMi above. For the case
of D6-brane inflation it was shown in [25] that for a D6-brane wrapping a maximally large
three-cycle of size V1/2,
m ∝ 1
QV3/4 . (4.16)
Moreover, it was argued in [25] that in strongly warped regions of the compactification
the warp factor enters the coefficient Q linearly. This means that strong warping can
suppress m and make up for the lack of volume suppression compared to Mcs and MKahler.
Therefore, the hierarchy (4.15) can be achieved and the effective field theories of the model
are under control.
In the case of D7-brane inflation in a type IIB dual theory as outlined in section 4.1
the picture is different. Warping does not affect the Ka¨hler potential of the D7-brane
Wilson line [37]. Expanding the open-string Ka¨hler potential as in (4.11) and computing
the canonically normalized mass then leads to
m ∝ 1
V1/2Vol1/4
SA
∼ 1V2/3 , (4.17)
where for simplicity we have assumed that VolSA ∼ V2/3, which is obviously the case for
compactifications with a single Ka¨hler modulus. In the type IIB case there is no additional
suppression of this term because all coefficients that enter are intersection numbers of
O(1). This means that, at least naively, the inflationary Hubble scale in the type IIB
dual description is generically of the same order as the Kaluza-Klein scale and larger than
the moduli scales.11 This makes a controlled four-dimensional description of single-field
inflation impossible.
5 Summary and discussion
We have analyzed compactifications of type II string theories with D-branes with regard
to possible realizations of chaotic inflation with a stabilizer field. One can expect such
inflationary theories to arise in the four-dimensional effective action because of a bilinear
superpotential coupling D-brane Wilson lines and closed-string moduli. We have shown
that the type IIA compactification with D6-branes of [23, 25] admits no stable inflationary
trajectories. This becomes evident once the backreaction of heavy closed-string moduli is
taken into account. Moreover, we have stressed that integrating out such heavy moduli
supersymmetrically is, to leading order, equivalent to treating the moduli as constants
in the Ka¨hler and superpotential. This provides a simple way to take the leading-order
backreaction into account.
The tachyonic directions in [23, 25] ultimately arise due to the symmetries of the Ka¨hler
potential. Specifically, the shift symmetry of the stabilizer field in the large volume limit
forbids the necessary large mass terms which stabilize the inflationary trajectory. This
11Similar control issues have been encountered in setups involving only closed-string fields, cf. [19, 57, 58].
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observation led us to consider a dual type IIB compactification with D7-branes. While
the superpotential coupling the D7-brane Wilson line and closed-string moduli is again
bilinear, the Ka¨hler potential may be different: since the stabilizer field is part of the
complex structure sector, the pernicious shift symmetry may be broken by considering a
point in moduli space away from the large complex structure limit. We have discussed two
explicit sources of shift symmetry breaking at such a point which, when combined, can
stabilize the potential of the stabilizer field and lift the tachyonic directions.
However, we have also shown that a new problem arises in the type IIB picture which
makes our naive attempts at successful inflation fail. The mass of the canonically normal-
ized inflaton field is generically of the same order as the Kaluza-Klein scale, and larger
than the scales of moduli stabilization. This is due to the volume scaling of the inflaton
mass. All coefficients are of O(1) and, in type IIB as opposed to type IIA, strong warping
does not suppress the relevant mass scale. Therefore, it is hard to conceive how control
over the four-dimensional effective theory could be maintained during inflation.
We believe that, for this reason, our analysis provides several points worth investigating
in the future. First, can a breaking of the shift symmetry of the stabilizer field be achieved
in the type IIA picture, where all mass hierarchies are under control? Without sacrificing
the large volume regime, possible sources could include α′ or gs corrections. Second, is there
a mechanism which could restore the desired mass hierarchies in the type IIB picture, where
the tachyonic directions can be lifted? Due to the appearance of the Wilson line modulus
in the Ka¨hler potential, one may investigate if this is possible in a highly anisotropic region
of complex structure moduli space.
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